Corticotropin-releasing factor (CRF) and its family of ligands are key regulators of energy balance. These ligands function via activation of their two receptors, CRFR1 and CRFR2. CRFR1 has been shown to be the dominant receptor in activation of the hypothalamic-pituitary-adrenal axis in response to stress as well as a key mediator of anxiety in the limbic system. To specifically examine the role of CRFR2 in energy balance, mice deficient for CRFR2 were exposed to physiological perturbations of homeostasis, including high-fat diet, repeated cold stress, and glucose and insulin challenges, and their responses measured. While on a high-fat diet, CRFR2-mutant mice consumed substantially more food and maintaining the same weight but had significantly lower body fat and lower plasma lipids than their wild-type littermates. C ORTICOTROPIN-RELEASING FACTOR (CRF) and its family of ligands including urocortin (Ucn) I, UcnII, and UcnIII are key regulators of energy balance. This family of neuropeptides has been shown to be important in the regulation of food intake (1-6), anxiety (7-10), and stress (11-16). These ligands function via activation of their two receptors (CRFRs), . Although UcnI has a high affinity for both CRFR1 and CRFR2, UcnII and UcnIII are specific for CRFR2. The roles these CRFRs play in central nervous system (CNS) functions have been deciphered through various pharmacological and genetic manipulations. CRFR1 has been shown to be the dominant receptor in activation of the hypothalamic-pituitary-adrenal (HPA) axis in response to stress (21) as well as a key mediator of anxiety in the limbic system (7, 22-30). Intracerebroventricular (icv) infusions of specific antagonists to CRFR1 diminish anxiety-like behaviors and inhibit the HPA axis response to stress. Similarly, mice deficient for CRFR1 have a decreased stress response and display anxiolytic-like behaviors. Results from icv infusion of agonists, antagonists, or antisense oligonucleotides for CRFR2 have been inconsistent (6, 30 -33). Although several studies have shown an anxiogenic response of antagonists to CRFR2, others have found little effect or even an anxiolytic response. Mice deficient for CRFR2 display a phenotype in opposition to the phenotype of the CRFR1-deficient mice, with the CRFR2-mutant mice being hypersensitive to stress (34, 35) and displaying anxiogenic-like behaviors (34, 36) . Despite the opposing phenotypes produced by single CRFR mutations, mice deficient for both CRFRs display an unexpected phenotype. These mice not only have a more exaggerated impairment of their HPA-stress response than the CRFR1-mutant mice, but they also display sexually dichotomous anxiety-like behaviors (37). Although overall data seem to support a modulatory or inhibitory role for CRFR2 on CRFR1 actions, results from examination of these double-mutant mice bring to light possible independent actions of CRFR2.
C ORTICOTROPIN-RELEASING FACTOR (CRF) and its
family of ligands including urocortin (Ucn) I, UcnII, and UcnIII are key regulators of energy balance. This family of neuropeptides has been shown to be important in the regulation of food intake (1-6), anxiety (7) (8) (9) (10) , and stress (11) (12) (13) (14) (15) (16) . These ligands function via activation of their two receptors (CRFRs), CRFR1 and CRFR2 (17) (18) (19) (20) . Although UcnI has a high affinity for both CRFR1 and CRFR2, UcnII and UcnIII are specific for CRFR2. The roles these CRFRs play in central nervous system (CNS) functions have been deciphered through various pharmacological and genetic manipulations. CRFR1 has been shown to be the dominant receptor in activation of the hypothalamic-pituitary-adrenal (HPA) axis in response to stress (21) as well as a key mediator of anxiety in the limbic system (7, (22) (23) (24) (25) (26) (27) (28) (29) (30) . Intracerebroventricular (icv) infusions of specific antagonists to CRFR1 diminish anxiety-like behaviors and inhibit the HPA axis response to stress. Similarly, mice deficient for CRFR1 have a decreased stress response and display anxiolytic-like behaviors. Results from icv infusion of agonists, antagonists, or antisense oligonucleotides for CRFR2 have been inconsistent (6, 30 -33) . Although several studies have shown an anxiogenic response of antagonists to CRFR2, others have found little effect or even an anxiolytic response. Mice deficient for CRFR2 display a phenotype in opposition to the phenotype of the CRFR1-deficient mice, with the CRFR2-mutant mice being hypersensitive to stress (34, 35) and displaying anxiogenic-like behaviors (34, 36) . Despite the opposing phenotypes produced by single CRFR mutations, mice deficient for both CRFRs display an unexpected phenotype. These mice not only have a more exaggerated impairment of their HPA-stress response than the CRFR1-mutant mice, but they also display sexually dichotomous anxiety-like behaviors (37) . Although overall data seem to support a modulatory or inhibitory role for CRFR2 on CRFR1 actions, results from examination of these double-mutant mice bring to light possible independent actions of CRFR2.
Regulation of homeostasis is an important function of the CNS that requires adaptive responses to maintain and support life. CRF has been shown to be a key player in this process because it rapidly mobilizes the organism for behavioral responses to stress. The icv infusion of CRF elevates sympathetic outflow as measured by increased glucose (38, 39) , increased brown adipose tissue (BAT) thermogenesis (40) , increased uncoupling protein (UCP)-1 in BAT (41), elevated sympathetic nervous activity to BAT (42, 43) , increased plasma catecholamines (11, 44) , and increased plasma corticosterone (11, 45) . Because CRF has a 10-fold higher affinity for CRFR1 than for CRFR2, and the CRF fiber distribution in the CNS more closely matches that of CRFR1, it is likely that these actions of CRF are due to activation of CRFR1 (46) . The role CRFR2 plays in energy balance has been less well defined. We have previously shown that mice de-ficient for CRFR2 have an altered response to the stress of food deprivation such that mutant mice consume less food on refeeding (34) . Others have reported significant alterations of CRFR2 expression in the hypothalamus by stress, food deprivation, and leptin (47) (48) (49) (50) , suggesting a tight regulation and important role of this receptor in homeostasis. Because CRF and UcnI levels are elevated in the CNS of CRFR2-deficient mice (34, 35) , increased activity at CRFR1 is possible and may explain the increased anxiety-like behaviors and hypersensitivity to stress in these mice. To examine the role CRFR2 plays in energy balance, we have examined the responses of mice deficient for CRFR2 to perturbations of homeostasis, including repeated cold stress, high-fat diet, and glucose and insulin challenges.
Materials and Methods Animals
CRFR2-mutant mice were generated as previously described (34) . All animals were housed under a 12-h light, 12-h dark cycle. All studies were done according to experimental protocols approved by The Salk Institute Institutional Animal Care and Use Committee, and all procedures were conducted in accordance with institutional guidelines.
High-fat diet
Individually housed CRFR2-mutant and wild-type male mice were fed a high-fat (58%) or low-fat (11%) diet (Research Diets, Inc., New Brunswick, NJ) ad libitum (n ϭ 7) for 16 wk. By calories, the low-fat diet contained 60% corn starch and 7% hydrogenated coconut oil, whereas the high-fat diet contained 13% corn starch and 54% coconut oil. Both diets contained 12% maltodextrin, 4% soybean oil, 16% casein, and identical vitamins and minerals. Food intake and body weight was measured three times per week during the 16-wk study. Preweighed food pellets were placed in the hopper, and, to allow for accurate food measurements, minimal bedding was used in the cage to allow for retrieval of all food pieces for weighing. Plasma samples were taken at the end of the study for lipid measurement. Carcasses were immediately frozen on dry ice. Carcasses and plasma samples were shipped to the University of Alabama at Birmingham for analysis. Feed efficiency is calculated as: gram weight gained per gram food consumed.
Body composition and plasma lipid analysis
Carcasses were thawed at room temperature and the gastrointestinal tract removed (stomach, small and large intestine, and cecum) leaving the eviscerated carcass. Body water content was determined by drying the eviscerated carcass to a constant weight in a 60 C oven. The dried eviscerated carcass was then cut into small pieces, ground to a homogeneous mixture, and extracted with petroleum ether in a Soxhlet apparatus to determine fat mass and fat-free dry mass. Fat-free dry mass was then combusted overnight at 600 C (8 h minimum) to determine eviscerated carcass ash. Plasma triglycerides and cholesterol were measured with an Ektachem DTII System (Johnson & Johnson Clinical Diagnostics, Rochester, NY) in 10 l plasma. Free fatty acids were assayed with nonesterified fatty acid-C reagents obtained from Wako Diagnostics (Richmond, VA) in which the assay was modified for use with 10 l plasma.
Repeated cold stress
Wild-type and CRFR2-mutant mice (n ϭ 10) were individually housed for 2 wk before testing. Mice were given a 4-d basal period to adjust to food pellets (standard chow) on cage floor and being handled. The experiment was conducted for a total of 15 d. During both basal and cold stress periods, weight gain and food consumption were measured daily at 1500 h. Mice were exposed to cold (4 C) for 1 h daily at 1545 h. The apparatus used for the cold stress was as follows: Two 50-gallon coolers were modified to each hold a rack of 10 containers. Each container was 13 cm deep with a diameter of 9 cm (each lid had five small air holes). Each container with lid housed one mouse, which was submerged and completely surrounded by an ice-water slurry, 6 cm from the bottom of the chest. The containers were numbered and housed the same mouse each time throughout the duration of the experiment. Extreme care was taken to prevent the mice from getting wet. The temperature per chest was recorded as the temperature of the air inside the container. In each of the two chests, five wild-type and five CRFR2-mutant mice were distributed alternately throughout the 10-container rack within the chest. Immediately following the 1-h cold stress, mice were returned to their respective cages containing preweighed fresh food. The containers and racks were washed and air dried overnight. For measurement of body temperature following cold stress, a rectal probe thermometer was used (n ϭ 6) (Harvard Apparatus, Holliston, MA).
Glucose and insulin challenge tests
Individually housed male CRFR2-mutant and wild-type mice (on standard chow) were fasted overnight (dark cycle) before glucose or insulin challenge. Glucose (2 g/kg in saline) was administered ip and tail blood collected at 0 min (before ip injection), 5, 30, and 60 min after the injection. Glucose was measured immediately using the Lifescan One Touch glucometer, Johnson & Johnson, Milpitas, CA. For insulin tolerance, mice were ip injected with insulin (0.75 U/kg, Sigma, St. Louis, MO) and blood glucose measured at 0 min (before ip injection) and 5 and 60 min following the injection. For the high-fat diet, mouse basal glucose and insulin levels were measured before the start of the diet and following 4 wk on the high-fat diet (as described above), following an overnight fast.
Data analysis and statistics
All data are presented as means Ϯ sem and were evaluated by twoway ANOVA for repeated measures, followed by Fisher's protected least significant difference post hoc test, using StatView seϩ (Abacus Concepts, Berkeley, CA). P Ͻ 0.05 was defined as statistically significant.
Tissue histology
White adipose tissue (WAT) and BAT from male mice 16 -20 wk of age (on standard chow) were fixed in neutral-buffered formalin (Sigma) for 48 h, dehydrated in 70% ethanol, and paraffin embedded. Tissues were sectioned at 8-m thickness, deparaffinized, and stained with hematoxylin and eosin.
Western blot analysis
For comparison of UCP1 levels, BAT tissues were taken from control and CRFR2-mutant male mice under basal conditions during the morning hours. Tissues were homogenized in buffer (50 mm Tris, pH 7.4; 1 mm dithiothreitol; 2 mm MgCl 2 ; 1 mm EDTA; 0.5 mm phenylmethylsulfonyl fluoride; 5 g/ml leupeptin; 2 g/ml aprotinin). Protein extracts (40 g/lane as determined by Bradford assay for protein content) were separated by 10% SDS-PAGE (Novex, San Diego, CA) and transferred to a nitrocellulose membrane. Blots were blocked in 5% nonfat dry milk for 1 h, washed in 1ϫ Tris-buffered saline (TBS) plus 0.2% Tween 20 (TBST), incubated with anti-UCP1 antibody (1:1000) (Calbiochem, La Jolla, CA) 1 h, washed in TBST twice for 20 min each, incubated with antirabbit horseradish peroxidase (1:10,000) 1 h, and washed in TBST twice for 20 min each Blots were visualized with enhanced chemiluminescence reagent (Amersham, Piscataway, NJ).
Locomotor activity
Locomotor activity of male wild-type and CRFR2-mutant mice 6 months of age was examined across 24 h (n ϭ 4). Testing took place in Plexiglas cages (42 ϫ 22 ϫ 20 cm) placed into frames (25.5 ϫ 47 cm) mounted with two levels of photocell beams at 2 and 7 cm above the bottom of the cage (San Diego Instruments, San Diego, CA). These two sets of beams allowed for the recording of both horizontal (locomotion) and vertical (rearing) behavior. A thin layer of bedding material was applied to the bottom of the cage. Food pellets were scattered evenly across the bottom of the cage, and a waterspout was extended down into the cage just above the level of the vertical beams. Mice were placed in the activity boxes for the final 3 h of their light (inactive) cycle to habituate them to the testing environment. Immediately following this habituation test, mice were tested for 24 h, including a standard 12-h dark and a 12-h light phase.
Results

Lower body fat but higher food intake on high-fat diet
To determine the homeostatic responses of a high-fat challenge, mice on either high-fat or low-fat diet were monitored for food intake, weight gain, and body composition. Although both genotypes gained similar weight on the high-fat diet, the mutant mice consumed significantly more food than did the wild-type mice (Fig. 1, A and B) . No difference was found between genotypes for food consumption while on the low-fat diet (wt ϭ 257.2 Ϯ 27, mut ϭ 287.0 Ϯ 2). Body composition analysis indicates that the mutant mice, despite consuming significantly more high-fat food during the study, had significantly less body fat than wild-type mice (Fig. 1C) . Because the overall end body weight following the FIG. 1. Metabolic effects of high-fat diet. A, Start and end weights for CRFR2-mutant (mut) and wild-type (wt) male mice on low-(LF) and high-fat (HF) diets. Mice show similar body weights before and after low-and high-fat diet for 16 wk (n ϭ 7). B, Total food intake for CRFR2-mutant and wild-type mice during 16 wk on high-fat diet. Mutant mice consumed significantly more high-fat food than wild-type mice did, despite similar body weights (**, P Ͻ 0.01). C, Percentage body fat for mutant and wild-type mice on low-and high-fat diets. CRFR2-mutant mice have significantly lower body fat than wild-type mice on high-fat diet (**, P Ͻ 0.01). No differences were detected for mice on low-fat diet. D, Body composition of mutant and wild-type mice was analyzed following 16 wk on high-or low-fat diet. Percentage body water (H 2 O), ash, and FFDM for mutant and wild-type mice on high-fat diet showing increased components for mutant mice, compared with littermates (**, P Ͻ 0.01). Plasma lipid levels for CRFR2-mutant and wild-type mice on high-fat diet were also determined at the end of the 16-wk study. E, Plasma triglyceride (trigly) and cholesterol (chol) levels showing decreased levels for mutant mice (***, P Ͻ 0.001). F, Decreased free fatty acid levels for mutant mice (***, P Ͻ 0.001). G, Feed efficiency for mutant and wild-type mice on low-or high-fat diet. Feed efficiency is calculated as gram weight gained per gram food consumed. CRFR2-mutant mice have a lower feed efficiency than wild-type mice following 16 wk on the high-fat diet (*, P Ͻ 0.05). All data are displayed as the mean Ϯ SEM.
high-fat diet study was similar for mutant and wild-type mice, the difference in composition for the mutant mice was compensated by slightly more water, bone (ash), and muscle [fat-free dry mass (FFDM)-ash] than wild-type mice (Fig.  1D) . The same differences in terms of absolute values were found for mice on the high-fat diet (fat: wt ϭ 19.03 g, mut ϭ 15.38 g; FFDM: wt ϭ 7.0 g, mut ϭ 8.76 g). Percentage of body fat was not different between genotypes while on the low-fat diet (Fig. 1C) . Serum triglyceride, cholesterol, and free fatty acid levels were also significantly lower in the mutant mice despite the increased high-fat food intake (Fig. 1, E and F) . No significant differences were detected for plasma lipids between genotypes while on the low-fat diet (triglycerides: wt ϭ 111.2 Ϯ 22, mut ϭ 101.8 Ϯ 10; cholesterol: wt ϭ 105.3 Ϯ 10, mut ϭ 76.4 Ϯ 9; free fatty acids: wt ϭ 0.63 Ϯ 0.08, mut ϭ 0.57 Ϯ 0.07). CRFR2-mutant mice had a lower feed efficiency, compared with wild-type mice following 16 wk of high-fat diet (Fig. 1G ). No differences in feed efficiency were found between genotypes on the low-fat diet.
Increased sensitivity to repeated cold stress
Mutant mice exposed to repeated cold stress lost significantly more weight during the 15-d study and consumed significantly less food during the first half of the study than wild-type mice did (Fig. 2, A and B) . Feed efficiency was calculated on a daily food consumption basis and found to be lower for the mutant mice during the first portion of the study (Fig. 2C) . Body composition analysis, similar to the high-fat diet study, showed that the mutant mice had significantly lower body fat than wild-type mice following the cold stress despite overall body weights being similar at the end of the study (Fig. 2D) . As before, the difference in body composition for the mutant mice was compensated by slightly more water, bone, and muscle than wild-type mice (Fig. 2D) . No significant differences were detected for cholesterol, triglycerides, or free fatty acid levels (Fig. 2, E and F) .
No difference between genotypes was detected for body temperatures before or after cold stress (wild-type basal 36.3 Ϯ 0.38 C, CRFR2-mutant basal 36.0 Ϯ 0.21 C; wild-type following 1 h cold ϭ 37.8 Ϯ 0.18 C, CRFR2-mutant following 1 h cold ϭ 37.6 Ϯ 0.07 C).
Glucose and insulin responses
Plasma glucose levels in response to glucose and insulin challenges were compared in mutant and wild-type mice. CRFR2-mutant mice demonstrated lower peak plasma glucose levels following a glucose challenge (Fig. 3A) . Glucose levels in mutant mice declined more rapidly following an insulin challenge (Fig. 3B) . Following 4 wk on a high-fat diet, mutant mice showed no elevation in their plasma glucose levels, compared with their baseline and only a slight rise in their plasma insulin levels, compared with wild-type animals (Fig. 3, C and D) .
Abnormal adipose cell size and elevated UCP1
To examine indices of sympathetic tone, we analyzed BAT and WAT from CRFR2-mutant and wild-type littermate male mice. Additionally, protein levels of BAT UCP1 were compared in these mice. CRFR2-mutant mice have smaller WAT (Fig. 4A ) and BAT cell size (Fig. 4B) . The WAT from the FIG. 2. Metabolic effects of cold stress. A, Body weight of CRFR2-mutant (mut) and wild-type (wt) mice during the daily cold stress (*, P Ͻ 0.05, n ϭ 10). Mutant mice lose weight during the cold stress, whereas wild-type mice maintain their body weight. B, Food intake for mutant and wild-type mice during the cold stress (*, P Ͻ 0.05). Initially, mutant mice eat less than wild-type mice. However, although their food intake is similar after the first week, the mutant mice still weigh less. C, Feed efficiency for CRFR2-mutant and wild-type mice during the cold stress (**, P Ͻ 0.01). Feed efficiency is measured as the gram of weight gained per gram of food consumed. Body composition of mice following repeated acute cold stress. D, Percentage body fat of mutant and wild-type mice showing decreased body fat of mutant mice despite similar body weights (***, P Ͻ 0.001). Mutant mice have slightly increased water, ash, and FFDM, compared with wild-type mice (***, P Ͻ 0.001; **, P Ͻ 0.005). Plasma lipids following the cold stress show no significant differences between genotypes for cholesterol or triglycerides (E) or free fatty acids (F). All data are displayed as the mean Ϯ SEM.
wild-type mice is composed of large, polygonal cells with prominent triglyceride depots, whereas adipocytes from mutant mice appear smaller and more rounded with diminished triglyceride stores. Western blot analysis showed that basal BAT UCP1 levels were substantially elevated in the CRFR2-deficient mice, compared with wild-type mice levels (Fig. 4C) .
No significant differences in 24-h basal locomotor activity
To determine whether the metabolic differences detected in the CRFR2-mutant mice were due to possible differences in basal activity levels, mice were examined for 24-h locomotor activity. No differences were detected between genotypes for activity levels during either the light or dark cycles as measured by horizontal activity counts in a computerized activity chamber following a 3-h habituation period (Fig. 5A) . Although it did not reach significance, we noted a possible trend in decreased rearing counts in the mutant mice (Fig.  5B) . Because decreased rearing behavior is associated with increased anxiety-like behaviors, these results are supportive of the previously reported anxiety-like phenotype of these mice.
Discussion
The present results demonstrate that CRFR2 is an important component of energy balance regulation. Following homeostatic stressors, such as high-fat diet (51) or repeated cold exposure, CRFR2-mutant mice respond by preferentially depleting their fat stores. Their decreased feed efficiency, compared with wild-type littermates during these challenges, also illustrates the involvement this receptor has in preserving physiological balance. On a high-fat diet, the mutant mice consumed substantially more food while maintaining the same body weight as their wild-type littermates but had lower cholesterol and remained leaner. The percentage of body fat was lower in mutant mice than wild-type mice following the high-fat diet and cold stress, suggesting a possible increase in sensitivity of the sympathetic nervous system in the mutant mice. The increased UCP1 detected in BAT from mutant mice supports a possible increase in sympathetic tone in these mice. Furthermore, increased BAT activity may then compete for serum triglycerides, depleting WAT and BAT stores and decreasing adipose cell size (52) . Although it is possible that BAT thermogenesis may be affected in the mutant mice, no differences between genotypes were detected for basal or cold-stressed rectal body temperatures. Our previous report shows that CRFR2-mutant mice have elevated CRF levels in the central nucleus of the amygdala and UcnI levels in the edinger westphal nucleus (34) . CRF neurons in the central nucleus of the amygdala project to and increase the firing rate of neurons in the locus coeruleus (53) and dorsal raphe (54, 55) . Additionally, icv infu-
Glucose and insulin responses. Glucose challenge glucose levels for male (A) (n ϭ 10) CRFR2-mutant (mut) and wild-type (wt) mice. Mutant mouse glucose levels do not rise as high as wild-type levels following glucose challenge and decline at a faster rate (*, P Ͻ 0.05; **, P Ͻ 0.01). B, Insulin tolerance test in male (n ϭ 20) CRFR2-mutant and wild-type mice. Mutant mouse glucose levels decrease faster than wild-type levels following insulin administration (*, P Ͻ 0.05). Glucose (C) and insulin (D) levels of male CRFR2-mutant and wild-type mice before and following 4 wk of high-fat diet (n ϭ 12). Wild-type glucose levels significantly rise during the 4 wk of high-fat diet, whereas mutant levels remain unchanged (high-fat baseline significantly different between wild-type and mutant (*, P Ͻ 0.05). Insulin levels also rise to a greater extent in the wild-type mice (high-fat baseline significantly different from regular diet baseline (**, P Ͻ 0.01). All data are displayed as the mean Ϯ SEM.
sion of UcnI or CRF increases whole-body oxygen consumption and colonic temperature (56, 57) and direct infusion of UcnI into the paraventricular nucleus of the hypothalamus decreases the respiratory quotient (58) and increases BAT UCP1 levels (41) . These data support the hypothesis that in the absence of CRFR2, unimpeded CRFR1 activity in the mice could be causing increased sympathetic stimulation. Further studies examining the metabolic rate and catecholamine levels in these mice under a variety of conditions will provide insight into the specific mechanisms involved.
Along with maintenance of body composition, homeostasis also involves a tight regulation of circulating and stored glucose. Under basal conditions, CRFR2-mutant and wildtype mice have similar glucose and insulin levels. However, following a glucose or insulin challenge, the mutant mice showed a lower maximal rise in glucose levels than the wild-type mice, suggesting that the mutant mice may be more sensitive to changes in plasma glucose and more insulin sensitive. While on a high-fat diet, glucose levels in the mutant mice were unaltered, whereas wild-type mice showed a rise in plasma glucose and insulin, indicative of rising insulin resistance that may correspond to increasing body fat in the control mice. Although insulin levels do rise in the mutant mice on the high-fat diet, this increase is significantly lower than that seen in the wild-type mice. Type 2 diabetes and insulin resistance are highly associated with obesity. Although the mechanism for this association is unclear, increasing evidence suggests that increased fat accumulation in the muscle may play a role. These results illustrate a possible role for CRFR2 in insulin sensitivity.
To compare basal activity levels, CRFR2-mutant and wildtype mice were monitored over 24 h for horizontal and vertical locomotor activity. Results revealed no significant differences between CRFR2-mutant and wild-type mice activity during either the light or dark cycle. The effect of genotype on rearing behavior neared significance because of slightly lower rearing counts in CRFR2-mutant mice relative to controls. This is consistent with greater anxiety-like behavior characteristic and previously reported of these mutant mice (34) . These results support the hypothesis that the differences in body composition, food intake, and plasma lipids detected in the CRFR2-mutant mice likely are not due to differences in basal activity levels.
Our results support a hypothetical model in which CRFR1 and CRFR2 play important roles in regulation of organismal responses to stress and perturbations of homeostasis. This model suggests that following such a challenge, CRFR1 stimulates the sympathetic nervous system thereby increasing sympathetic outflow to maintain physiologic equilibrium in the organism under acute perturbations for energy mobilization and redistribution and may also function in allostasis under more chronic insults. CRFR2, however, appears to function as an inhibitory or modulatory receptor to dampen these actions of CRFR1. In the absence of CRFR2, CRFR1-mediated activity goes unimpeded, as seen in the CRFR2-mutant mice. CRFR2-deficient mice under basal conditions do not display significant differences in food intake or body composition from wild-type littermates, but rather these changes are seen following an insult to their homeostasis, thus supporting the hypothesis that CRFR2 normally functions in such a way as to harness the stimulatory actions of CRFR1. This hypothesis is further supported by the feed efficiency data presented here. While on a normal diet, the CRFR2-mutant and wild-type mice have a similar feed efficiency, but following exposure to stressors such as a high-fat diet or cold, the mutant mice become metabolically inefficient, causing calories to be wasted as heat and a depletion of fat stores. These results support a role for CRFR2 in the preservation of homeostasis.
